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Abstract— Solar photovoltaic systems are an increasing option 
for electricity production, since they produce electrical energy 
from a clean renewable energy resource, and over the years, as a 
result of the research, their efficiency has been increasing. For the 
interface between the dc photovoltaic solar array and the ac 
electrical grid is necessary the use of an inverter (dc-ac converter), 
which should be optimized to extract the maximum power from 
the photovoltaic solar array. In this paper is presented a solution 
based on a current-source inverter (CSI) using continuous control 
set model predictive control (CCS-MPC). All the power circuits 
and respective control systems are described in detail along the 
paper and were tested and validated performing computer 
simulations. The paper shows the simulation results and are drawn 
several conclusions. 
Keywords—Solar Photovoltaics; Current Source Inverter; 
Predictive Control; Maximum Power Point Tracker - MPPT. 
I.  INTRODUCTION 
 The problems associated with climate change and those 
associated with the massive use of fossil fuels are leading to the 
necessity of find new energy sources. Although that exist 
research in another areas with new energy sources, renewable 
energy sources are at the moment an excellent alternative to 
conventional energy sources. The main advantages of those 
energy sources are the lower environmental impact, and the fact 
that take advantage of natural resources. Today, it is possible to 
see several countries of the world establishing ambitious goals 
in terms of renewable energy share in a near future. The 
European Union [1], China [2] and even United States [3][4] are 
examples of what is happening is this field. 
Until sometime ago, the main share in the area of renewable 
energy was hydroelectric energy, being therefore, wind and solar 
energy the two most promising renewable energy sources [5]. 
Alongside with large wind, solar photovoltaic renewable energy 
sources has been increasingly explored in recent years. The 
prices either of the solar photovoltaic panels, as well as the price 
of the power converters, have been consistently lowering [2][6], 
enabling its expansion and opening new possibilities in terms of 
the energetic paradigm such as the prosumer [7]. Today’s solar 
photovoltaic systems integrate a solar array and power 
electronics systems that allow perform the power conversion 
from the solar photovoltaic arrays to the electrical grid. Solar 
photovoltaic systems can be classified in terms of power and in 
terms of the type of power converters that constitute it [3]. 
Although the main adopted inverter topology for solar 
photovoltaic systems is the voltage-source inverter (VSI), 
current-source inverters (CSI) applied to solar photovoltaic 
systems were also studied [8][9]. Current-source inverters have 
been used in other power electronics applications such as active 
filters, motor drives and renewable energy applications [10][11]. 
The advantages of this type of inverter are the good quality 
output currents and the fact of being robust [12]. The 
disadvantages are the bulky dc-link inductance, and the 
increased dc-link energy losses. 
In this paper is proposed the use of a current source inverter 
with the dc link inductance connected directly to the solar 
photovoltaic to perform the interface between the electrical grid 
and a solar photovoltaic array. The control of the solar 
photovoltaic CSI, integrates a maximum power point tracker 
(MPPT) and a continuous control set model predictive control 
(CCS-MPC) to control the inverter output currents. Although 
that MPC has been extensively researched over the years, the 
application of this type of control to solar photovoltaic systems 
with current-source inverters can be further studied and 
developed. The use of CCS-MPC can bring several advantages 
to the operation of the solar photovoltaic CSI, because has good 
dynamics and ensures a fixed switching frequency [13]. 
II. CURRENT-SOURCE INVERTER TOPOLOGY 
The topology of the proposed inverter is a three-phase 
current-source inverter (Fig. 1). The power switches in the 
inverter are IGBTs with power diodes placed in series. This is 
necessary because in a current-source inverter, the power 
switches must withstand direct and reverse voltages. The passive 
Fig. 1.  Topology of the three-phase current source inverter for solar 
photovoltaic applications. 
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filters are LC filters. The three-phase current-source inverter is 
responsible by inject the energy drawn from the solar 
photovoltaic panels into the electrical grid. The current control 
is performed measuring the currents iG{a,b,c} and the grid voltages 
vG{a,b,c}. 
A. Dc-link Inductance 
The solar photovoltaic array is constituted by a series of BP 
Solar BP2150S. Each one of this panels has 72 monocrystalline 
silicon solar cells placed in series. The characteristics of this 
panel can be seen in Table 1. 
Considering that the solar photovoltaic panels have a 
behavior similar to a current source, in this application was used 
a three-phase current-source inverter. With this converter is 
possible apply directly the photovoltaic array in the dc-link, 
excluding the use of another converter, even with the variation 
of the voltage of the photovoltaic array. While a three-phase 
voltage-source inverter needs, to guarantee a proper operation, a 
dc-link voltage of LLV −2 , greater than the peak value of the 
power grid line to line voltage i.e. about 565 V for a 400 V power 
grid i.e., about 565 V, the current-source inverter only needs 
66% of that voltage [14]. To ensure this voltage, was considered 
a solar array constituted by two parallel arrays with a total of 22 
panels, each one with 34 V, making a total voltage of 374 V, and 
a total power of 3300 W. 
Considering that the dc-link current ripple must be the lowest 
possible, ensuring that the maximum power is extracted from the 
solar photovoltaic array, was calculated the minimum dc-link 
inductance value necessary to ensure a defined current ripple 
using [15]: 
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where vDC is the inverter input voltage, fs is the switching 
frequency of the converter, and 
.max,di∆ is the maximum 
admissible current ripple. In Fig. 2 it is possible to see a graph 
that shows the relation between the aforementioned variables. In 
this case was considered as voltage value, the total voltage of the 
solar array and a switching frequency is 32 kHz. Finally, the 
maximum admitted ripple is 0.3 A. 
III. INVERTER CONTROL 
The most common current control schemes are based in 
linear controllers such as: linear controller in a-b-c reference 
frame [16] and linear controller in α-β reference frame [17][18]. 
In these control schemes is assumed that the model of the system 
is linear and invariant in time (LIT) and is also that is known 
with some degree of confidence. In this case, the inverter current 
control is performed using CCS-MPC with a fixed frequency 
modulation technique. Although that, most of the MPC is 
implemented imposing a variable switching frequency by 
minimizing the error between the reference current and the 
inverter current [19], is possible implement this type of current 
control using a fixed frequency. This presents some advantages 
such as a simple passive filter design and a simple protection 
mechanism of the power semiconductors [20]. 
A. Current Control and Modulation Technique 
The inverter reference currents, are generated multiplying 
the signals obtained with a phase-locked loop (PLL) with the 
MPPT algorithm output signals (2)(3). The PLL is necessary to 
synchronize the output currents of the inverter (iG{a,b,c}) with the 
positive sequence of the fundamental components of the grid 
voltages. 
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After this is necessary calculate the predicted inverter output 
currents. To do this, is necessary develop on the dynamics of the 
system considering Fig. 3, which can be expressed as: 
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If we combine the two aforementioned equations it yields 
(5). 
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TABLE I. 
BP SOLAR PANEL BP2150S CHARACTERISTICS 
Parameter Symbol Value 
Maximum Power Pm 150 W 
Voltage at Pm Vmpp 34.0 V 
Current at Pm Impp 4.45 A 
Short Circuit Current Isc 4.75 A 
Open Circuit Voltage Voc 42.8 V 
Isc Temperature Coeficient α (0.065±0.015) %/°C 
Voc Temperature Coeficient β -(160±20) mV/°C 
 
 
Fig. 3.  Current-source inverter and passive filter model. 
Fig. 2.  Dc-link inductance (LDC) value vs current ripple (∆iDC) and switching 
frequency (FS). 
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Using the backward Euler method, and considering a 
sampling frequency ST , is possible discretize the system as: 
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Rearranging the terms is possible obtain: 
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Considering that the objective is that the error in sample n+1 
between the reference current and the injected current is to be 
zero, the problem can be stated as: 
 
{ }[ ] { }[ ] { }[ ]++++− 11 ,3,2,1 nikniknik GGG βαβαβα  
{ }[ ] { }[ ] [ ] 01)1( ,,4 =+−−+ nInvnvk IGG βαβα . 
(9)
Making { }[ ] { }[ ]nini GG * ,, 1 βαβα =+  and considering the present 
and past values of the system, the current that must be injected 
by the inverter can be calculated as: 
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The voltage { }[ ]1, +nvG βα  can be estimated as: 
 { }[ ] { }[ ] { }[ ]121 ,,, −−=+ nvnvnv GGG βαβαβα . (11)
To insure that the current-source inverter is always stable, 
was implemented a damping algorithm based in the virtual 
capacitor voltage (vC) divided by a virtual resistance (Rh) as: 
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The damping current is introduced in a high-pass digital 
filter, and then is added to the reference current of the 
modulation block. In this way is only measured the grid 
voltages, requiring only three voltage sensors and the output 
currents. It must be referred that this damping strategy 
effectiveness is dependent of the sampling frequency of the 
analogue-to-digital converters (ADC). In Fig. 5 is shown a 
control diagram resuming the control strategies that were 
presented in this section. 
Finally, considering that the passive filter introduces reactive 
power in the power grid, it was implemented a loop in the control 
that eliminates this. To perform this task is calculated the 
average value of the reactive power ( q) in the output of the 
inverter as: 
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where N is the number of samples of one grid cycle. The 
predictive control reference current will be then: 
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Having calculated the predicted reference current, the next 
step will be modulate the output currents. To do this was 
implemented a space-vector modulator, with a fixed switching 
frequency of 32 kHz. Having the reference currents in the α-β 
reference frame, the next step will be to find the sector in which 
is the current reference vector (Fig. 6). After this will be 
calculated the times (t0, t1 and t2) during what will be applied the 
Fig. 4.  Block diagram of the Photovoltaic CSI controller. 
Fig. 5.  Current-source inverter equivalent control diagram, with the integrated 
damping mechanism. 
vectors, that constitute the boundaries of the sector. In table 3 it 
is possible to see all the valid states of the current-source 
inverter. It must be referred that vectors I7, I8, I9 are null vectors 
and are placed in the center of the α-β reference frame. 
B. Maximum Power Point Tracker 
 To ensure that the maximum available power of the panels 
is injected into the electrical grid in every moment, is necessary 
implement a maximum power point tracker (MPPT). In the 
literature are described several MPPTs, each one with 
advantages and disadvantages. Also exist several methods to 
implement the MPPT, depending on the type of the adopted 
power converter or power converters. In some works the MPPT 
is associated with a proportional-integral (PI) controller [21]. In 
this case is proposed the direct connection between the MPPT 
algorithm and the reference output currents, as is presented in 
Fig. 4. Considering that the inverter is a current-source inverter 
the reference currents are more easily followed ensuring that the 
MPPT operates correctly. Also because was implemented a 
predictive current control, is expected that the inverter control 
reacts faster to the changing of the reference currents. 
The adopted algorithm was the Incremental Conductance. 
This method is more complex than other methods, but it has a 
good performance [22]. Furthermore, this is a true MPPT and 
when the maximum power point (MPP) is reached, the algorithm 
stays in that operating point, until some change is detected [23]. 
To implement this algorithm is necessary to measure the voltage 
in the input of the inverter (vDC) and output current (iP). In Fig. 7 
it is possible to see the flowchart of the implemented MPPT 
algorithm. 
IV. SIMULATION RESULTS 
In order to determine the performance of the solar 
photovoltaic current-source inverter with the proposed control 
was developed a simulation model similar to what is depicted in 
Fig. 1. The model parameter values are shown in Table III. It 
must be referred that the simulation results were obtained using 
the software PSIM from POWERSIM. 
In Fig. 8 can be seen the simulation results, more specifically 
the output currents of the inverter, when operates at the solar 
photovoltaic panels maximum power, the dc-link inductance 
current, and the photovoltaic array voltage. As can be seen, in 
Fig. 8 (b), the grid currents (iG) are sinusoidal and in opposite 
phase with the grid voltages (vG) (Fig. 8 (a)). This shows that the 
TABLE II.  
CSI VALID STATES AND VECTORS 
Vector iINVa iINVb iINVc iINVn iα iβ 
Active 
Switches 
1 +IP 0 - IP 0 1 3/1
 
S1, S2 
2 0 +IP -IP 0 0 3/2
 
S2, S3 
3 -IP +IP 0 0 -1 3/1
 
S3, S4 
4 -IP 0 +IP 0 -1 3/1−
 
S4, S5 
5 0 -IP +IP 0 0 3/2−
 
S5, S6 
6 +IP -IP 0 0 1 3/1−
 
S6, S1 
7 0 0 0 0 0 0 S1, S4 
8 0 0 0 0 0 0 S3, S6 
9 0 0 0 0 0 0 S5, S2 
 
Fig. 7.  Implemented MPPT algorithm (Incremental Conductance). 
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Fig. 6.  Representation of the sectors and vectors of the CSI in the α-β reference
frame. 
TABLE III  
PHOTOVOLTAIC CSI SIMULATION MODEL PARAMETERS 
Parameter Symbol Value 
CSI dc-link inductor LDC 70 mH 
Passive filter inductor LF 6 mH 
Passive filter capacitor CF 60 µF 
Passive filter resistance RF 0.3 Ω 
Inverter switching frequency FS 32 kHz 
Grid voltage (rms) VG 230 V 
Grid frequency F 50 Hz 
 
CCS-MPC is operating correctly and that the grid is absorbing 
the power generated by the photovoltaic array. In this figure is 
also possible to see the dc-link current (iDC) and the voltage in 
the input of the inverter (vDC). The ripple of the dc-link current 
is low, as expected. 
Fig. 10 shows the phase A reference current (iGa*) and the 
injected current (iGa*). The reference current is followed 
correctly by the inverter. It must be referred that, because the 
MPPT is controlling directly the amplitude of the output 
currents, the response to the variation of kMPPT is fast. 
Nevertheless the choice of the incrementing step of the MPPT 
can affect the distortion of the output currents. 
The simulation results of the MPPT algorithm operation are 
shown in Fig. 9. The figure shows that the MPPT algorithm 
tracks effectively the operation power of the solar photovoltaic 
array. In Fig. 9 (a) it is possible to see the converter input power 
(PC) and the photovoltaic array available power (PP). The figure 
shows the increments of the MPPT variable, kMPPT over the 
time, and its stabilization around the maximum power point. In 
the beginning of the simulation, the input power is oscillating, 
but this is related with the stabilization of the model. 
V. CONCLUSIONS 
In this paper was presented a current-source inverter (CSI) 
for the interface between the photovoltaic solar array and the 
electrical grid with an integrated maximum power point tracker 
(MPPT). The control of the inverter is performed using 
continuous control set model predictive control to control the 
output inverter currents. The control algorithms of the inverter 
are described and are analyzed. Also, are presented the 
simulation results obtained with a developed model, which show 
that the current-source inverter operates correctly when injecting 
energy into the electrical power grid.  
It is also shown that the MPPT is capable of tracking the 
solar photovoltaic array available power. 
In the future will be implemented a prototype of the proposed 
CSI for solar photovoltaic grid interface in order to obtain 
experimental results. This will allow to confirm the simulation 
results and better assess the behavior of the proposed equipment 
and control algorithms. Also, it will allow determine the 
(a)  
 
(c)  
(b)  
 
(d)  
 
Fig. 8.  Simulation results of the solar photovoltaic CSI injecting energy from the solar photovoltaic arrays: 
(a) Grid voltages (vG); (b) Grid currents (iG); (c) dc-link inductance current; (d) dc-link voltage. 
 
Fig. 10.  Simulation results of the CSI inverter reference current (iGa*) and 
inverter current (iGa). 
(a) 
(b) 
Fig. 9.  Simulation results of the MPPT algorithm: (a) Inverter input power 
(Pi) and optimum power PP; (b) MPPT control variable (kMPPT). 
efficiency of the inverter operating with the CCS-MPC current 
control. 
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